In this issue of Neuron, Sharma et al. report that target-derived NGF exerts long-distance control of postsynaptic assembly. A major advance is the discovery that TrkA signaling endosomes are retrogradely transported to neuronal dendrites and directly trigger the clustering of postsynaptic density proteins.
A number of molecules have recently been identified that mediate the bidirectional communication between pre-and postsynaptic components required for synapse formation (Shen and Scheiffele, 2010) . However, the extent to which synapse assembly on dendrites is mediated by retrograde influences from target cells is largely unexplored. Although neurotrophins are excellent candidates to mediate target regulation, attributing a direct synaptogenic role to neurotrophins in the CNS has been complicated by the coincident neurotrophin regulation of other developmental events. For example, analyses in the CNS of TrkB mutant mice and in the Xenopus retinotectal system suggest that the effects of BDNF/ TrkB on synapse number are due to both direct control of synapse formation and indirect mechanisms, including the regulation of axonal and dendritic arborization (Vicario-Abejon et al., 2002) .
The circuitry of the peripheral nervous system (PNS) offers a simple model system for analyzing target regulation. Target-derived NGF sculpts the final pattern of connectivity of sympathetic ganglion cells in part by regulating survival and neuronal morphology. Though NGF has been shown to modify synaptic transmission (Nja and Purves, 1978) , it remains unclear whether NGF plays any direct role in synapse formation. Furthermore, the mechanisms that NGF and other neurotrophins may employ to regulate synaptogenesis remain an open question.
In this issue of Neuron, Sharma et al. (2010) Additional direct evidence of the requirement for NGF in synapse formation was obtained in in vitro paradigms where the timing and localization of NGF application and withdrawal could be carefully controlled. Sympathetic neurons cultured in the presence of NGF developed many dendritic postsynaptic specializations that contained MAGUKs, Shank, GKAP, and nAChRs. Further, NGF withdrawal resulted in a decrease in the number of postsynaptic clusters prior to any overt changes in dendritic morphology. To model whether NGF from targets could mediate PSD clustering, distal axonal and somatodendritic compartments were isolated using a microfluidic system. NGF stimulation restricted to the distal axonal compartment was sufficient to induce MAGUK clustering in dendrites. Further, NGF withdrawal from the distal axon compartment resulted in the rapid loss of PSDs, which could be rescued by readdition of NGF. These data show that NGF applied to distal axons is both necessary and sufficient for the clustering of postsynaptic components along sympathetic neuron dendrites in vitro.
The authors next explored the biochemical basis of NGF regulation of postsynaptic assembly. Importantly, western blots showed that the protein levels of Shank, GKAP, and the MAGUK, PSD-93, were not altered by NGF withdrawal. In addition, cultures treated with cycloheximide, an inhibitor of protein synthesis, revealed that PSD clustering does not require de novo gene expression. These data indicate that NGF regulates PSD assembly by controlling the clustering of pre-existing PSD proteins.
How might NGF signaling influence clustering of PSD proteins? NGF is thought to mediate effects on survival and gene transcription via ''signaling endosomes'' that retrogradely transport the NGF receptor, TrkA, together with effector proteins (Cosker et al., 2008) . However, direct visualization and evaluation of endosomal trafficking and signaling has been a technical challenge. In an elegant series of experiments, Sharma et al. generated a mouse expressing an epitope-tagged TrkA (TrkA Flag ) and cultured SCG neurons. TrkA Flag cultures were then briefly ''fed'' anti-Flag antibodies, which enabled visualization of the subcellular trafficking of NGF/TrkAstimulated signaling endosomes. As expected, NGF addition to distal axons led to the accumulation of signaling endosomes within the cell body compartment. Strikingly, signaling endosomes were also detected throughout the dendritic domain in a time course coincident with the formation of PSD clusters. In order to assess where signaling endosomes actually triggered PSD clustering, compartmentalized cultures were established from mice the group had generated that express a chemically regulable mutant TrkA (Chen et al., 2005) . Blockade of TrkA signaling only in the cell body/ dendritic compartment inhibited the effects of distal axon applied NGF on PSD clustering. Taken together, these experiments establish that the retrograde transport of TrkA signaling endosomes and subsequent signaling within dendrites mediates PSD clustering (Figure 1 ). How might activated TrkA in endosomes actually signal the formation of PSD clusters? To explore this question, the authors cultured neurons in the presence of pharmacological inhibitors of PI3K and ERK/MAPK, two prominent signaling pathways engaged by receptor tyrosine kinases. Application of an inhibitor of ERK/MAPK to the cell body/dendrite compartment completely blocked NGF-TrkA-induced PSD clustering. Though PI3K inhibition in the distal axon compartment also inhibited PSD clustering, this effect was presumably due its established role in the initiation of retrograde signaling. As previously discussed, NGF-induced PSD formation does not involve de novo protein synthesis. Thus, TrkA-ERK/MAPK signaling promotes PSD clustering independent of new gene expression.
The ERK/MAPK pathway is thought to regulate synaptic function in several ways. Multiple studies have established ERK/MAPK signaling as an important regulator of activity-dependent synaptic plasticity (Thomas and Huganir, 2004) . Interestingly, the effect of ERK/MAPK on synaptic plasticity is thought to require, in part, new protein synthesis. For example, ERK/MAPK signaling has been shown to induce the expression of the MAGUK family member, PSD-95, in learning-related synaptogenesis (Elkobi et al., 2008) . Further, ERK/MAPK is thought to be required for local protein synthesis in dendrites (Thomas and Huganir, 2004 ). The findings of Sharma et al. suggest an additional mechanism of ERK/MAPK regulation that may be particularly important during synapse development. Importantly, ERK/MAPK has been reported to phosphorylate a number of synaptic proteins, including MAGUKs (Sabio et al., 2004) . Phosphorylation of PSD proteins is a potential mechanism by which clustering of pre-existing PSD components may be achieved.
Accumulating evidence suggests that the neuronal survival and axon growth triggered by NGF/TrkA signaling can be antagonized by signaling via the panneurotrophin receptor p75, thus refining the connections between neurons and targets. Here, the authors tested the idea that p75 serves a similar antagonistic function in modulating NGF-induced synapse formation. Consistent with this idea, they found an increased number of PSD clusters and presynaptic specializations in p75 À/À mice. The interaction between NGF-TrkA and p75 signaling was further analyzed in vitro. Importantly, the authors discovered that NGF induced more PSD clusters in p75 À/À SCG neurons. Blocking p75 signaling in the cell body/dendrite compartment increased the number of PSDs, suggesting that p75 prevents PSD clustering or favors PSD disassembly. Although the authors did not explore the downstream mechanism, a variety of well-known intracellular mediators of p75 functions, including TRAF6, RhoA, and JNK, are candidates to mediate this inhibitory effect on synapse assembly. P75 is expressed at a low level by most mature CNS neurons. However, marked increases in p75 expression have been observed in pathological states, such as axotomy, epilepsy, and Alzheimer's disease (AD) (Dechant and Barde, 2002) . Further, strong evidence indicates that p75 activation can influence synaptic plasticity (Greenberg et al., 2009 ). Additional p75 family members are expressed in the CNS in the setting of neuronal injury. For example, DR6, a p75 family member, has been hypothesized to contribute to AD pathogenesis through its association with the N terminus of APP (Nikolaev et al., 2009) . Ab has been shown to directly reduce spine numbers and plasticity in experimental animal models (Wei et al., 2010) . In AD, it is well established that synapse loss occurs at an early stage in the disease process (Shankar and Walsh, 2009) . It is possible that upregulation of a p75 family member at an early phase of neuron degeneration might trigger PSD disassembly and contribute to the synapse loss observed.
Retrogradely transported TrkA-signaling endosomes provide a key link between axonal target innervation and dendritic synapse assembly. This provides an additional example of the powerful organizing effect of targets on the number, size, and function of innervating neurons in the PNS. One important caveat is that the demonstrated relationship between signaling endosomes and PSD clustering relies exclusively on in vitro data. Although the authors show that NGF is required for formation of synapses on sympathetic ganglion cells in vivo, whether the in vivo effect is due to signaling endosome-mediated PSD clustering independent of transcriptional regulation remains to be determined.
One interesting question is whether this long-distance retrograde control that applies in the PNS is relevant to synapse formation on CNS neurons. In basal forebrain cholinergic neurons, evidence in support of the retrograde transport of NGF signaling endosomes has been reported (Salehi et al., 2006) . Whether NGF directly regulates synapse formation on these neurons should be readily testable. In general, though, target-regulated survival influences mediated by single neurotrophic molecules have not been observed in CNS. Further, most well-characterized effects on synapse formation in CNS are thought to be mediated locally via bidirectional influences between pre-and postsynaptic components or by activity (Shen and Scheiffele, 2010) . Although many types of CNS neurons express the TrkB neurotrophin receptor, the issue of long-distance retrograde regulation is complex. Central neurons may have many targets, BDNF synthesis is regulated by neuronal activity, there is potential for regulation of afferent axons by BDNF, and there are important anterograde effects of BDNF on some classes of neurons (Greenberg et al., 2009) . Thus, testing the elegant mechanism delineated in Sharma et al. (Figure 1 ) will be technically daunting. However, regardless of the difficulty of providing experimental proof in the CNS, the idea that retrogradely transported signaling endosomes can mediate postsynaptic assembly is a new concept that will influence future thinking about how synapses are formed.
Electrical synapses and synchrony are nearly synonymous. In this issue of Neuron, Vervaeke et al. broaden this longstanding association. They found that in the Golgi cell network of the cerebellum, electrical synapses synchronize resting activity, and cause surround inhibition and desynchronization in response to excitatory input.
In 1958, Akira Watanabe made three seminal proposals about neuronal communication. First, he demonstrated that electrical synapses interconnect neurons in the cardiac ganglion of Japanese lobsters, and he deduced that ionic current could pass directly from cell to cell in either direction. Second, he proposed that electrical synapses have low-pass filtering characteristics; that is, slow fluctuations of membrane voltage pass more effectively between cells than do fast events such as action potentials. Third, he found that membrane potential oscillations were coordinated among neurons and concluded that ''synchronization is due to the presence of the electrical connection between the cells'' (Watanabe, 1958 ).
Watanabe's central ideas about electrical synapses, their filtering properties, and their synchronizing powers are still gospel after half a century of research on the biophysics, molecular biology, and structure of electrical synapses, i.e.,
